Abstract Purpose: Information about healthcare-associated pneumonia (HCAP) in critically ill patients is scarce. Methods: This prospective study compared clinical presentation, outcomes, microbial etiology, and treatment of HCAP, communityacquired pneumonia (CAP), and immunocompromised patients (ICP) with severe pneumonia admitted to 34 Spanish ICUs. Results: A total of 726 patients with pneumonia (449 CAP, 133 HCAP, and 144 ICP) were recruited during 1 year from April 2011. HCAP patients had more comorbidities and worse clinical status (Barthel score). HCAP and ICP patients needed mechanical ventilation and tracheotomy more frequently than CAP patients. Streptococcus pneumoniae was the most frequent pathogen in all three groups (CAP, 34.2 %; HCAP, 19.5 %; ICP, 23.4 %; p = 0.001). The overall incidence of Gram-negative pathogens, methicillin-resistant Staphylococcus aureus (MRSA), and Pseudomonas aeruginosa was low, but higher in HCAP and ICP patients than CAP. Empirical treatment was in line with CAP guidelines in 73.5 % of patients with CAP, in 45.5 % of those with HCAP, and in 40 % of those with ICP. The incidence of inappropriate empirical antibiotic therapy was 6.5 % in CAP, 14.4 % in HCAP, and 21.8 % in ICP (p \ 0.001). Mortality was highest in ICP (38.6 %) and did not differ between CAP (18.4 %) and HCAP (21.2 %). Conclusions: HCAP accounts for one-fifth of cases of severe pneumonia in patients admitted to Spanish ICUs. The empirical antibiotic therapy recommended for CAP would be appropriate for 90 % of patients with HCAP in our population, and consequently the decision to include coverage of multidrug
Introduction
The 2005 update of the American Thoracic Society (ATS)/Infectious Disease Society of America's (IDSA) guidelines on nosocomial pneumonia [1] introduced the category healthcare-associated pneumonia (HCAP) for pneumonia occurring in outpatients at risk of infections with resistant pathogens through contact with the healthcare system. This category includes patients who were recently hospitalized, residence in a nursing home or extended-care facility, undergoing chronic dialysis, or recently received wound care or infusion therapy at home.
Apparently, epidemiology and causative pathogens of HCAP differ from those of community-acquired pneumonia (CAP); it seems that HCAP is more often caused by potentially drug-resistant pathogens commonly seen in hospital-acquired infections [2] . Thus, patients with HCAP would require broader antibiotic coverage than those with CAP to reduce the risk of initially inadequate antibiotic therapy and worsened outcomes.
However, several studies about HCAP reveal epidemiological variations that seem to follow a geographic distribution. Studies done in the USA and Asia report a high frequency of multidrug-resistant pathogens (methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa) [2] [3] [4] [5] ; by contrast most European (Spain, UK) studies report a high frequency of pathogens resembling those causing CAP (Streptococcus pneumoniae being the most frequent pathogen) [6] [7] [8] , suggesting that the empiric antibiotic treatment prescribed for CAP is still adequate for most European HCAP.
In both the American and European studies, mortality was higher in patients with HCAP than in those with CAP; however, it is unclear whether mortality was higher because patients with HCAP received inadequate antimicrobial treatment or because they were older, and had more comorbidities and treatment restrictions. Furthermore, most information about HCAP in USA and Europe comes from patients who were not admitted to the intensive care unit (ICU) [2] [3] [4] [5] [6] [7] [8] .
We aimed to describe the epidemiology, clinical features, and outcomes of HCAP in a homogeneous population of critically ill patients admitted to 34 Spanish ICUs with severe pneumonia.
Methods

Study design
This prospective, observational study was performed in 34 ICUs in urban teaching hospitals in Spain.
All consecutive patients older than 18 years admitted to the participating ICUs with severe pneumonia between 1 April 2011 and 31 March 2012 were eligible. Clinical, epidemiological, and laboratory data were prospectively recorded using a standardized worksheet and stored in a computer database. We excluded all episodes of pneumonia diagnosed more than 48 h after admission to the ICU. The ethics committees at the participating hospitals approved the study protocol, and patients or their relatives provided written informed consent.
Data collection
At least one predesignated physician with specific expertise in infectious diseases at each institution evaluated each patient to confirm the diagnosis of pneumonia on the basis of the patient's history, body temperature, and findings of physical examination, laboratory analyses, chest X-ray, and microbiology.
We collected data on demographic characteristics, risk factors prior to hospitalization, blood cultures, susceptibility testing and appropriateness of empiric antibiotic treatment, systemic response, date of ICU admission, and date of ICU discharge or death. Underlying diseases and severity at admission were classified according to the APACHE II score [9] and SOFA score [10] . We also recorded information about pneumonia severity, such as PSI score [11] , CURB-65 score [12] , and major and minor ATS criteria of severe pneumonia [13] . Previous functional status was evaluated by Barthel score [14] . We also recorded pneumonia-related complications, such as pleural effusion, empyema, acute respiratory distress syndrome (ARDS), need for invasive or non-invasive mechanical ventilation and tracheotomy, acute renal injury (serum creatinine increase to 2.0-fold or GFR decrease greater than 50 % from baseline and/or urine output less than 0.5 ml/kg for at least 12 h), and disseminated intravascular coagulation (DIC) (platelet count less than 100 9 10 9 /L, fibrinogen less than 1 g/L, and prothrombin time ratio greater than 1.6). We calculated the incidence of treatment restrictions (advanced directives and ''do-not-resuscitate'' orders) and crude mortality in the ICU.
Definitions
Pneumonia was diagnosed when both signs and symptoms of pulmonary infection together with infiltrate(s) on chest Pneumonia in immunocompromised patients was classified as ICP defined by immunosuppressive treatment, chemotherapy, or corticosteroid therapy for at least 4 weeks before the diagnosis of pneumonia, had received an organ transplant, or were HIV-positive.
Pneumonia that did not fulfill the criteria for HCAP or ICP was classified as CAP.
In the HCAP group we recorded antibiotic therapy in the 6 months before admission to the ICU.
We assessed comorbidity by reviewing medical records for diabetes, chronic obstructive pulmonary disease, chronic renal failure, chronic liver disease, alcoholism, stroke, dementia, injected drug abuse, active cancer, transplantation, or HIV infection. Therapy for the pneumonia was considered appropriate when at least one effective drug was included in the empirical antibiotic treatment within the first 24 h of the diagnosis [15] . CAP guidelines recommended by ATS/IDSA were used to evaluate the empirical antibiotic treatment [13] . Antibiotic treatment was prescribed at the discretion of the attending physician.
Microbiology
The microbiological diagnosis of pneumonia required a positive culture of blood, pleural fluid, or sputum, or in intubated patients, of bronchoscopic specimens from the lower airways. In these cases, cultures were considered positive when the colony count was at least 10 6 cfu/mL from cultures of tracheobronchial aspirate samples, at least 10 3 cfu/mL from cultures of protected specimen brush (PSB) samples, or at least 10 4 cfu/mL from cultures of bronchoalveolar lavage (BAL) samples. We also considered a positive urinary antigen test for either S. pneumoniae or Legionella as evidence of a bacterial infection. Pleural effusion cultures were obtained in patients with pleural effusion. Bacterial identification and susceptibility testing were performed by standard methods in accordance with the Clinical and Laboratory Standards Institute's (CLSI) performance standards [16] .
MRSA, P. aeruginosa, Stenotrophomonas maltophilia, Acinetobacter baumannii, Klebsiella sp., and Serratia marcescens were considered potentially resistant microorganisms (PRMO). In bronchoalveolar lavage specimens, Pneumocystis jiroveci was identified by direct immunofluorescence (IFA) and cytomegalovirus by polymerase chain reaction (PCR). Nasal and throat swabs were analyzed for respiratory virus by PCR at the discretion of the attending physicians. Serologic tests were used to detect atypical organisms, and a fourfold increase in antibody levels was considered to establish a diagnosis.
Statistical analysis
Discrete variables are expressed as counts (percentage) and continuous variables as mean ± standard deviation. Differences in demographic and clinical characteristics between groups were assessed using the Chi-squared test and Fisher's exact test for categorical variables and Student's t test or the Mann-Whitney U test for continuous variables. Means were compared using ANOVA. The impact of independent variables on ICU mortality was assessed by multivariate logistic regression analysis. To avoid spurious associations, only variables significantly associated in the univariate analysis (p B 0.05) or having a plausible relationship with the dependent variable were included in the multivariate analysis. Potential explanatory variables were checked for colinearity using the tolerance and variance inflation factor prior to inclusion in the regression models [17] . Results are presented as odds ratios (OR) and 95 % confidence intervals (CI). Data was analyzed using SPSS for Windows 15.0 (SPSS, Chicago, IL, US).
Results
During the study period, 728 patients with pneumonia were admitted to the 34 participating ICUs, and two patients were excluded because of incomplete data (Fig. 1 ). In total, 726 patients were included, and pneumonia was classified as CAP in 449 (61.8 %), as HCAP in 133 (18.3 %), and as ICP in 144 (19.8 %) .
Baseline demographics and clinical characteristics differed among the three subgroups of patients (Table 1) . Patients with HCAP were older, had worse functional status (Barthel index), and had a higher frequency of COPD, congestive heart failure, and diabetes. Patients with ICP had a higher incidence of active cancer and chronic liver failure.
The reasons for classifying pneumonia as HCAP were hospitalization within the preceding 3 months (53.7 %), residence in a long-term-care facility (27.7 %), home infusion therapy or home wound care (12.0 %), and outpatient hemodialysis (6.5 %) . No patients were classified as HCAP due to family colonized with resistant pathogens. A total of 51.8 % of HCAP patients had received antibiotic therapy in the 6 months before admission to the ICU.
Severity of pneumonia and complications
Patients with HCAP and ICP had higher initial APACHE II and SOFA scores than patients with CAP (Table 2) . On the specific severity indices for pneumonia, CURB-65 scores were highest in patients with HCAP, and PSI scores were higher in patients with ICP and HCAP. Patients with ICP fulfilled more minor ATS criteria for severe pneumonia.
Severity of systemic response did not differ among the three groups of pneumonia; the overall incidences of severe sepsis and septic shock were 24 % and 50.8 % respectively ( Table 2 ). The severity of respiratory failure was higher in the ICP group, with an incidence of ARDS of 37.2 % compared with 18 % in the CAP and HCAP (p \ 0.001). There was a trend towards a higher incidence of pleural effusion in the CAP group compared to the HCAP and ICP groups (p = 0.08). Patients with HCAP or ICP needed mechanical ventilation and tracheotomy more often than patients with CAP. Table 3 shows the frequencies of the organisms isolated in each group. The overall incidence of bacteremia was 31.3 % and there were not differences among the three groups (Electronic Supplemental Material, Table 1 ). S. pneumoniae was the most frequent pathogen in each of the three groups, but the incidence differed among groups (HCAP, 19.5 %; CAP, 34.2 %; and ICP, 23.4 %; p = 0.001). The ICP and HCAP groups had the highest incidence of P. aeruginosa (p = 0.08), and the HCAP group had the highest incidence of MRSA (p = 0.04). The PRMO was identified in 13 patients in the HCAP group (9.7 %), 10 in the ICP group (6.9 %), and 15 in the CAP group (3.4 %) (p = 0.001). In the logistic regression analysis, the factor most strongly associated with isolation of potentially resistant microorganisms was HCAP (OR 2.79; 95 % CI = 1.27-6.12; p = 0.01). Among 13 patients in the HCAP group with PRMO, previous hospital admission (43.1 %) and previous antibiotic therapy (38.5 %) were the most frequent risk factors. The incidence of inappropriate empirical antibiotic therapy was 6.5 % in the CAP group, 14.4 % in the HCAP group, and 21.8 % in the ICP group (p \ 0.001). In the CAP group, 13.7 % of patients received inappropriate antibiotic therapy because of the isolation of PRMO (2 P. aeruginosa, 1 MRSA, 1 Klebsiella sp.); in the HCAP group, 26.3 % of patients received inappropriate antibiotic therapy because of the isolation of PRMO (2 MRSA, 1 P. aeruginosa, 1 S. maltophilia, 1 Klebsiella sp.). In the ICP group the inappropriate antibiotic therapy was not associated with the isolation of PRMO. Empirical treatment was in line with CAP guidelines (without coverage of P. aeruginosa or MRSA) in 73.5 % of patients in the CAP group; in 45.5 % of those in the HCAP group, and in 40 % of those in the ICP. Interestingly in the HCAP group, P. aeruginosa was isolated in 3 out of 54 COPD patients (5.6 %), compared to 71 non-COPD patients with only 1 isolation of P. aeruginosa isolation; however, because of the low number of cases this did not reach statistical significance (p = 0.30). In the logistic regression analysis, the factors most strongly associated with inappropriate treatment were ICP (OR 3. CAP community-acquired pneumonia, HCAP healthcare-associated pneumonia, ICP immunocompromised pneumonia, SD standard deviation, COPD chronic obstructive pulmonary disease
Outcomes
The incidence of ICU treatment restrictions was 6.5 % in the CAP group, 12 % in the HCAP group, and 16.7 % in the ICP group (p = 0.002). The crude ICU mortality was 18.4 % in the CAP group, 21.2 % in the HCAP group, and 38.6 % in the ICP group (p \ 0.001). Table 4 shows the factors significantly associated with ICU mortality in the logistic regression analysis in patients without treatment restrictions. The higher ICU mortality was significant in the ICP group, but not in the HCAP group, when both were compared with CAP group. Figure 2 shows the probabilities of survival until day 30 after the diagnosis of pneumonia.
Discussion
One-fifth of the patients admitted to our 34 ICUs with pneumonia were classified as HCAP. Mortality in patients with HCAP was not higher than in patients with CAP. Although the incidence of resistant pathogens was higher in patients with HCAP than in those with CAP, it was still low; the empirical antibiotic therapy recommended for CAP would be appropriate for 90 % of patients. To our knowledge, this is the first study to prospectively evaluate the impact of HCAP in a large population of critically ill patients. To date, the only study published on HCAP in a large cohort of critically ill patients was a retrospective study carried out in the USA [18] to determine the frequency of multiresistant microorganisms in mechanically ventilated patients with respiratory failure. These authors reported an incidence of HCAP of nearly 50 %; however, their definition of HCAP did not exclude immunocompromised patients.
Using the ATS/IDSA definitions, which exclude immunocompromised patients, we found an incidence of HCAP of 18.3 %, which is similar to that reported by Carratala et al. [6] in another study in Spain. However, their study population included patients undergoing chemotherapy and was not limited to critically ill patients. Other studies in the general population admitted to hospital in the UK and in Italy reported similar incidences [8, 19] .
By contrast, the incidences of HCAP reported in studies done in the USA are much higher [2, 3] . These differences may be partly due to the variability in the inclusion criteria for HCAP. The discrepancy between our study and those from the USA may be, in part, because our patients included in the HCAP group were younger and had less comorbid conditions. Another possible explanation might be that patients analyzed in our study were a more selected population than in previous studies, which had mostly included general ward patients admitted outside of the ICU, a substantial proportion of whom may have been denied ICU admission.
In our study, the definition of HCAP excluded immunocompromised patients, as is recommended in the guidelines of the ATS/IDSA and elsewhere [1, 2] . Analyzing patients with ICP separately showed that although the incidence ICP was similar to that of HCAP, its microbiological characteristics and prognosis were very different, supporting the idea that patients with ICP are indeed a distinct group. In most previously published studies, mortality of patients was higher in patients with HCAP than in patients with CAP [2-4, 6, 19] . However, these studies were conducted in a general population of patients admitted to hospital. Treatment restrictions were not always recorded, but patients with HCAP were less frequently admitted to the ICU. Recently, Rello et al. [20] concluded that increased mortality in HCAP may be more attributable to comorbid conditions and limitations to aggressive intervention. Our study population consisted of patients admitted to the ICU, so the effects of restricting ICU admission were limited, although treatment restrictions during the ICU stay were more common in patients with HCAP and those with ICP than in patients with CAP. Although the incidence of inappropriate empirical antibiotic therapy was higher in HCAP than in CAP, mortality was not significantly higher in the HCAP group. These results support the idea that mortality in HCAP is independent of bacterial susceptibility and is probably more related to age and other comorbid conditions. These results are comparable to those reported in a recent multicenter study in the UK [8] , which found no difference in mortality between HCAP and CAP after excluding patients with treatment restrictions and adjusting for severity and comorbidity.
Most studies have found that patients with HCAP were older than those with CAP and had worse baseline functional status, greater comorbidities, and higher mortality [2] [3] [4] [5] [6] [7] [8] . Our results confirm these findings, although we found no significant difference in mortality. Our population consisted of critical patients who had not been denied admission to the ICU, so patients with treatment limitations prior to ICU admission were excluded a priori. Furthermore, unlike previous studies, our HCAP group excluded immunocompromised patients, and the ICP group had a significantly higher mortality. In fact, in the multivariate analysis, only immunosuppression was significantly associated with a worse prognosis.
In our study, the univariate and multivariate analyses found significantly higher mortality in the ICP group than in the other two groups, corroborating previous reports [21, 22] . Our results also reinforce the idea that this heterogeneous group of patients in whom risk varies with the diseases process should not be included among HCAP patients. It is important to consider disease-specific characteristics (febrile neutropenia in cancer, CD4 count in HIV) when making treatment decisions in patients with ICP [23] , and specific guidelines include recommendations for immunocompromised patients with pneumonia [24, 25] . In the multicenter study done in the UK [8] , in which the definition of HCAP also excluded immunocompromised patients, the mortality was similar to that in our study. The higher mortality in patients with HCAP in previous studies may in part be related to greater treatment restrictions and the inclusion of immunosuppressed patients.
The concept of HCAP was based on data published in 2005 [2] from a population with frequent contact with healthcare that showed a higher incidence of multidrugresistant pathogens and therefore a greater risk of inappropriate empirical antimicrobial treatment following CAP guidelines [26] . However, more recent studies about HCAP have shown differences between countries and regions in the etiology of patients with HCAP [2] [3] [4] [6] [7] [8] .
In Europe the incidence of resistant pathogens is lower, and pathogens that cause HCAP are more similar to those that cause CAP than to those that cause hospital-acquired pneumonia [26] . Chalmers et al. [8] and Grenier et al. [27] in Canada reported similar findings. These data contrast with those from the USA and the Asia/Pacific [2] [3] [4] [5] region, where the incidences of P. aeruginosa and MRSA are much higher and S. pneumoniae accounted for less than 10 % of cases.
Our study has some limitations. First, this was an observational study, and the criteria for admission and for empiric treatment were not standardized. This may have influenced the incidence of the different types of pneumonia and empirical treatment. However, the observational nature of this study allows us to better understand the current medical prescriptions in the ICU. Second, the diagnostic techniques were not standardized and this may also have influenced the incidence of the etiologic diagnosis in the different hospitals. Third, the low incidence of MRSA in the community might reflect differences in out-of-hospital resources with other countries, and our results can not be extrapolated to other countries where Pseudomonas sp. and MRSA are more prevalent. Fourth, more than 50 % of patients with HCAP had received antibiotics within the 6 month prior to ICU admission, but we did not have information about if these patients had received the antibiotic immediately before the microbiological samples were taken. A lower number of positive results of cultures in the HCAP group may have influenced these results. Fifth, we did not have information about patients with HCAP who were denied admission to the ICU; however, these patients probably might not have had limitation of life support for ICU admission. Finally, the three groups were not matched.
In conclusion, HCAP accounted for one-fifth of cases of severe pneumonia admitted to the ICU in the present study, and did not result in a higher mortality than CAP after immunocompromised patients were excluded. The incidence of resistant pathogens in Spain is low (5.2 % in the total population), but is higher in patients with HCAP (9.7 %) than in those with CAP (3.4 %). The empirical antibiotic therapy recommended for CAP would be appropriate for 90 % of patients with HCAP in our population, and consequently the decision to include coverage of PRMO for HCAP should be cautiously judged in order to prevent the overuse of antimicrobials.
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